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ABSTRACT

Introduction: The measurement of brain volume is an important aspect of the assessment of brain
structure and function. However, limited data is available on brain volumetry in the Nepalese
population. The study aimed to find the mean intracranial volume of the brain among patients with
normal magnetic resonance imaging referred to the Department of Radiology and Imaging of a
tertiary care centre.

Methods: A descriptive cross-sectional study was conducted among patients with normal magnetic
resonance imaging referred to the Department of Radiology and Imaging in a tertiary care centre.
All magnetic resonance imaging of the brain during the study period was reviewed by a radiologist.
Magnetic resonance imaging with abnormal findings, clinical signs of neurological deficit, dementia
and psychiatric symptoms were excluded from the study. A convenience sampling method was
used. The point estimate was calculated at a 95% Confidence Interval.

Results: Among 285 Magnetic Resonance Imaging datasets, the mean intracranial volume was
1286.30+129.88 cc (1271.22-1301.38, 95% Confidence Interval). The mean cerebral volume was
985.06+106.4 cc, cerebellar volume was 126.99+13.05 cc and brain stem volume was 19.97+2.54 cc.

Conclusions: The mean intracranial volume of the brain among patients with normal magnetic
resonance imaging was found to be lower than other studies done in similar settings.
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INTRODUCTION

The brain's size, structure, and composition play offer invaluable insights. There are limited studies
pivotal roles in health and disease." Volumetric related to the intracranial volume of the brain to date.
measurements areimportant, especially in diseases like

schizophrenia and dementia.2? Accurate measurement The study aimed to find the mean intracranial
of different brain structures is essential for studying volume and volume of the brain among patients with
the underlying mechanisms of neurological disorders normal magnetic resonance imaging referred to the
and for monitoring the progression of such diseases.? Department of Radiology and Imaging of a tertiary
Magnetic Resonance Imaging (MRI) stands as a pivotal care centre.

tool in the diagnosis and assessment of various
neurological conditions, providing detailed insights
into the structural integrity of the brain.

Exploration of the size and structure of the brain Correspondence: Dr Om Biju Panta, Department of

among individuals with unremarkable MRI scans can Radiology and Imaging, Nepal Mediciti Hospital, Bhasepati,
Lalitpur, Kathmandu, Nepal. Email: bijupanta@yahoo.com,
Phone: +977-9842877382.
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METHODS

A descriptive cross-sectional study was performed
on patients with magnetic resonance imaging (MRI)
referred to the Department of Radiology and Imaging
of a tertiary care centre from 1 January 2019 to 31
December 2020. MRI scans performed for headache;
and facial pain were included in the study. MRI scans
with abnormalities, with clinical presentation of
dementia, psychological disorder, epilepsy and focal
neurological deficit were excluded from the study
and patient with a history of severe head injury, and
epilepsy under medication was identified in the clinical
case sheet and were excluded from the study. A
convenience sampling method was used. The sample

size was calculated using the following formula:
2

n= Z%x %
2
- 1962 x 73
25?2
=184
Where,

n= minimum required sample size
Z=1.96 at 95% Confidence Interval (Cl)
o= standard deviation taken from previous study*

e= margin of error

The calculated sample size was 184. However, we have
included 285 MRI datasets in this study.

Clinical indication for MRI recorded in the radiological
requisition and clinical case sheet of the patients
in hospital records from pre-anaesthetic care was
reviewed. All MRl scans were performed using the
Siemens Skyra 3T MRI machine. The sequence used
for volumetric assessment was a T1-weighted 3D MP-
RAGE with the following parameters: TR= 2300 msec,
inversion time= 900 msec, flip angle= 8°, bandwidth
= 200 Hz/pixel, FOV= 240x240 mm, matrix= 256x256,
resulting in voxel dimensions of 0.9x0.9x0.9 mm,
and an acquisition time of 4 min 44 sec. MRI data
processing and volumetric analyses were performed
using volBrain version 1.0.

The collected data were entered into Microsoft Excel
2017 and analysed using IBM SPSS Statistics version
26.0. The point estimate was calculated at a 95% CI.

RESULTS

The mean intracranial volume of 285 patients
with normal magnetic resonance imaging was
1286.30+£129.88 cc (1271.22-1301.38, 95% CI). The
mean age of the population was 39.52+14.09 years.
Out of 285 patients, 190 (66.67%) were female while
95 (33.33%) were males. The mean age of males was
38.49+15.18 years and that of females was 39.95+13.41
years. The mean total brain volume in males was
1205.41+125.64 cc and in females was 1089.55+101.50
cc (Table 1).

Table 1. Brain volumetry (n= 285).

Parameters
Intracranial volume
Total brain volume
Grey matter

White matter

CSF

Cerebral volume
Cerebrum right lobe
Cerebrum left lobe
Cerebellum

Male mean=SD (cc)
1374.65+130.71
1205.41+125.64
772.58+97.39
432.82+62.66
169.24+50.96
1055.81+104.88
523.6+52.8
532.21+55.36
134.02+11.91

Female meanxSD (cc)
1242.13+104.72
1089.55+101.50
696.94+82.81
392.61+55.75
152.57+51.17
949.68+88.12
471.95+44.67
477.73+44.52
123.47+12.16

Total meanxSD (cc)
1286.30+129.88
1128.17+122.78
406.01+61.06
722.15+94.76
158.13+£51.61
985.06+106.4
489.17+53.34
495.89+54.73
126.99+13.05

Cerebellum right lobe 66.17+6.54 60.9+6.21 62.66+6.56

Cerebellum left lobe 67.86+6.54 62.57+6.34 64.33+6.86

Brainstem 21.37+2.33 19.27+2.36 19.97+2.54
Intracranial volume among age group of <20 years is 1288.75+94.33 cc (Table 2).

Table 2. Age-wise distribution of brain volumetry (n= 285).

Brain <20 years 20-30 years 30-40 years  40-50 years 50-60 years >60 years
morphometry (19) (62) (78) (63) (38) (25)

meanxSD meanxSD meanxSD meantSD meanxSD meantSD

Intracranial 1288.75% 1289.71% 1296.06x 1303.43+

volume (cc) 94.33 126.71 133.76 136.41 1250.84+135.19 1268.73+123.55
Total brain 1172.74« 1146.12+ 1137.78%

volume (cc) 80.24 123.13 125.61 1138.1+ 115.09 1083.12+142.51 1063.24+91.07
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Grey matter (cc) 776.59+61.47 734.62+93.53 726.04+98.51 725.99+83.67 679.66+117.13 692.66+64.89
White Matter (cc) 396.15+65.04 411.49+61.77 411.74+65.63 412.10£51.02 403.47+60.94  370.57+57.45
Cerebrospinal

Fluid (cc) 116.02+29.18 143.59+54.58 154.28+48.97 165.33+38.43 167.72+46.64  205.49+61.94
Cerebral Volume 1029.70+ 997.19+ 991.156+

(cc) 85.62 111.25 112.55 993.57+ 109.40 961.94+88.51 915.71+72.41
Cerebrum Right

Lobe (cc) 509.81+43.94 493.90+56.15 492.73+57.02 492.56+54.40 477.98+43.54  459.09+40.06
Cerebrum Left

Lobe (cc) 519.89+43.93 503.28+56.90 498.42+56.34 501.01£57.42 483.96+45.46  456.62+36.99
Cerebellum (cc) 132.33£11.33 126.90+13.48 129.21+12.61 126.72+14.42 124.80+10.57 120.25+11.98
Cerebellum

Right Lobe (cc)  64.97+5.84 63.02+6.28 63.77+6.39 62.38+7.44 61.47+5.6 59.07+6.03
Cerebellum Left

Lobe (cc) 67.36+5.59 63.88+8.09 65.44+6.38 64.33+7.19 63.33+5.29 61.18+6.12
Brainstem (cc) 19.48+2.11 19.67+2.74 20.33+2.58 20.08+2.45 20.22+2.61 19.32+2.34

DISCUSSION

The mean intracranial brain volume in our study
was 1286.30+£129.88 cc which is lower than study
reported in most previous studies.>® The mean total
brain volume in our study was 1205.41+125.64 cc,
while total brain volume in the Indian population in
the previous study was 1442+/-143 cc.® Similarly brain
volume in the Chinese population was 1510 cc.® This
shows wide variation in brain volumes among various
studies. This might actually be due to the variation
in techniques that quantified the volume of the brain
in different studies. One study in Europe has shown
significant clinal variation in brain morphometry
among Europeans but, there is limited data from Asia
and particularly Nepal regarding craniometry and
brain morphometry.®

The shape and size of the skull vary with race and
ethnicity.%'® A previous study comparing cranial
volumes documented smaller intracranial volume in
Asians compared to Westerners."' The intracranial
volume in this study was measured in Singapore
and the United States. The total intra-cranial volume
in that study in the young Singapore population was
1466.01 cc and in the United States population was
1594.84 cc. A study done in 2010 estimated the brain
volume of 1136+121 cc, which is similar to our study.'
Grey matter volume in this study was 474.4+45.0 cc
by surface-based representation measurement and
333.6+43.9 cc by volume-based representation which
is lower than that found in our study. The difference in
results is likely due to the use of different techniques.
The automatic segmentation (“VolBrain” software)
method used in our study is more advanced and
more accurate than the manual technique used in
the prior study. Another study done on anatomical
specimens in 2013 estimated an average total cerebral
hemispheric grey matter volume of 276.36 cc and
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white matter volume of 222.25 cc; which is comparable
to the average hemispheric volume of cerebrum in our
study.™

In a similar study carried out in children up to 18 years
of age, the volume of the brain, grey matter, and white
matter was comparable to our study, but the volume
of the brain stem was higher in their study.* These
results suggest that despite the change in size of the
skull, the brain volume is relatively constant in different
races and ethnicities. The variation of brain volumetry
among various races in the Nepalese population could
be an interesting area of research.

The brain exhibits a high degree of variability in
regional distribution and shape among individuals,
with differences also seen among genders and
ethnicities.’'® The variation in shape and regional
distribution has not been studied in our study and
might be an area of future research to better understand
brain structure.

The brain volume is known to progressively reduce
with age. Previous studies also have shown a reduction
in brain volume with ageing." Our study also found
a decline in brain volume with age, particularly after
the age of 60 years. The reduction of brain volume
with ageing is an established fact, however, there
are various factors that affect the rate of change and
the biological age of the brain. Also, the volume of
the brain at which cognitive decline begins is yet to
be established. A larger prospective cohort study is
needed to understand the age-related changes in the
brain and factors associated with the rate of change.

There were several limitations to our study. Firstly,
it was a hospital record-based study rather than a
population-based study. Our hospital caters to mid to
high-class urban patients, which might not be a true
representation of the population. We did not actively
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interview the patients for clinical history and clinical
indications were extracted from hospital records which
might be a reason for bias. Also, we did not consider
the nutritional status of the patients and family history
of neurodegenerative disorders which might have an
impact on the brain volume of the patient. Although our
sample size was large enough, it was still insufficient
to compare among ethnic and age groups.

CONCLUSIONS

The mean intracranial volume of the brain among
patients with normal magnetic resonance imaging
was found to be lower than other studies done in
similar settings.

Conflict of Interest: None.

REFERENCES

1. VanElderenSS, Zhang Q, Sigurdsson S, Haight TJ, Lopez O,
Eiriksdottir G, et al. Brain Volume as an Integrated Marker
for the Risk of Death in a Community-Based Sample: Age
Gene/Environment Susceptibility--Reykjavik Study. ]
Gerontol A Biol Sci Med Sci. 2016 Jan;71(1):131-7. [PubMed
| Full Text | DOI]

2. Shenton ME, Dickey CC, Frumin M, McCarley RW. A review
of MRI findings in schizophrenia. Schizophr Res. 2001 Apr
15;49(1-2):1-52. [PubMed | Full Text | DOI]

3.  Henneman W], Sluimer JD, Barnes ], van der Flier WM,
Sluimer IC, Fox NC, et al. Hippocampal atrophy rates in
Alzheimer disease: added value over whole brain volume
measures. Neurology. 2009 Mar 17;72(11):999-1007. [PubMed
| Full Text | DOI]

4. AmbarkiK, Lindqvist T, Wahlin A, Petterson E, Warntjes MJ,
Birgander R, et al. Evaluation of automatic measurement of
the intracranial volume based on quantitative MR imaging.
AJNR Am ] Neuroradiol. 2012 Nov;33(10):1951-6. [PubMed
| Full Text | DOI]

5.  Steen RG, Hamer RM, Lieberman JA. Measuring brain
volume by MR imaging: impact of measurement precision
and natural variation on sample size requirements. American
journal of neuroradiology. 2007 Jun 1;28(6):1119-25. [PubMed

| Full Text | DOI]

6. Sivaswamy ], Thottupattu AJ, Mehta R, Sheelakumari R,
Kesavadas C. Construction of Indian human brain atlas.
Neurology India. 2019 Jan 1;67(1):229. [PubMed | Full Text]

7. Lee H, Yoo BI, Han JW, Lee J], Lee EY, Kim JH, et al.
Construction and validation of brain MRI templates from a
Korean normal elderly population. Psychiatry investigation.
2016 Jan;13(1):135. [PubMed | Full Text | DOI]

8. Liang P, Shi L, Chen N, Luo Y, Wang X, Liu K, et al.
Construction of brain atlases based on a multi-center MRI
dataset of 2020 Chinese adults. Scientific reports. 2015 Dec
18;5(1):18216. [PubMed | Full Text | DOI]

9. Bakken TE, Dale AM, Schork NJ, Alzheimer’s Disease
Neuroimaging Initiative. A geographic cline of skull and
brain morphology among individuals of European Ancestry.
Human heredity. 2011 Aug 17,72(1):35-44. [PubMed | Full
Text | DOI]

10. Raghavan P, Bulbeck D, Pathmanathan G, Rathee SK.
Indian craniometric variability and affinities. Int ] Evol Biol.
2013;2013:836738. [PubMed | Full Text | DOI]

11. Chee MW, Zheng H, Goh JO, Park D, Sutton BP. Brain
structure in young and old East Asians and Westerners:
comparisons of structural volume and cortical thickness.
Journal of cognitive neuroscience. 2011 May 1;23(5):1065-79.
[PubMed | Full Text | DOI]

12. Winkler AM, Kochunov P, Blangero J, Almasy L, Zilles K,
Fox PT, et al. Cortical thickness or grey matter volume? The
importance of selecting the phenotype for imaging genetics
studies. Neuroimage. 2010 Nov 15;53(3):1135-46. [PubMed |
Full Text | DOI]

13. Ribeiro PF, Ventura-Antunes L, Gabi M, Mota B, Grinberg
LT, Farfel JM, et al. The human cerebral cortex is neither one
nor many: neuronal distribution reveals two quantitatively
different zones in the gray matter, three in the white matter,
and explains local variations in cortical folding. Frontiers in
neuroanatomy. 2013 Sep 2;7:28. [PubMed | Full Text | DOI]

14. Brain Development Cooperative Group. Total and regional
brain volumes in a population-based normative sample
from 4 to 18 years: the NIH MRI Study of Normal Brain
Development. Cerebral Cortex. 2012 Jan 1;22(1):1-2.
[PubMed | Full Text | DOI]

15. Zilles K, Kawashima R, Dabringhaus A, Fukuda H,
Schormann T. Hemispheric shape of European and Japanese
brains: 3-D MRI analysis of intersubject variability, ethnical,
and gender differences. Neuroimage. 2001 Feb 1;13(2):262-71.
[PubMed | Full Text | DOI]

16. Tang Y, Zhao L, Lou Y, Shi Y, Fang R, Lin X, et al. Brain
structure differences between Chinese and Caucasian
cohorts: A comprehensive morphometry study. Human
brain mapping. 2018 May;39(5):2147-55. [PubMed | Full
Text | DOI|

\

©The Author(s) 2023.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article
are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this

license, visit https://creativecommons.org/licenses/by/4.0/

937 JNMA | vOL 61

ISSUE 268

DECEMBER 2023

Free Full Text Articles are Available at www.jnma.com.np



http://www.jnma.com.np
https://creativecommons.org/licenses/by/4.0/
https://pubmed.ncbi.nlm.nih.gov/25359930/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4706101/
https://academic.oup.com/biomedgerontology/article/71/1/131/2614153
https://pubmed.ncbi.nlm.nih.gov/11343862/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2812015/
https://www.sciencedirect.com/science/article/abs/pii/S0920996401001633?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/19289740/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2821835/
http://n.neurology.org/content/72/11/999
https://pubmed.ncbi.nlm.nih.gov/22555574/
https://www.ajnr.org/content/33/10/1951.long
https://doi.org/10.3174/ajnr.a3067
https://pubmed.ncbi.nlm.nih.gov/17569971/
https://www.ajnr.org/content/ajnr/28/6/1119.full.pdf
https://doi.org/10.3174%2Fajnr.A0537
https://pubmed.ncbi.nlm.nih.gov/30860125/
https://www.neurologyindia.com/article.asp?issn=0028-3886;year=2019;volume=67;issue=1;spage=229;epage=234;aulast=Sivaswamy
https://pubmed.ncbi.nlm.nih.gov/26766956/
https://psychiatryinvestigation.org/journal/view.php?doi=10.4306/pi.2016.13.1.135
https://doi.org/10.4306/pi.2016.13.1.135
https://pubmed.ncbi.nlm.nih.gov/26678304/
https://www.nature.com/articles/srep18216
https://doi.org/10.1038%2Fsrep18216
https://pubmed.ncbi.nlm.nih.gov/21849792/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171282/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171282/
https://doi.org/10.1159/000330168
https://pubmed.ncbi.nlm.nih.gov/24455409/
https://www.hindawi.com/journals/ijeb/2013/836738/
https://doi.org/10.1155/2013/836738
https://pubmed.ncbi.nlm.nih.gov/20433238/
https://direct.mit.edu/jocn/article-abstract/23/5/1065/5099/Brain-Structure-in-Young-and-Old-East-Asians-and?redirectedFrom=fulltext
https://doi.org/10.1162/jocn.2010.21513
https://pubmed.ncbi.nlm.nih.gov/20006715/
https://www.sciencedirect.com/science/article/abs/pii/S1053811909013160?via%3Dihub
https://doi.org/10.1016/j.neuroimage.2009.12.028
https://pubmed.ncbi.nlm.nih.gov/24032005/
https://www.frontiersin.org/articles/10.3389/fnana.2013.00028/full
https://doi.org/10.3389%2Ffnana.2013.00028
https://pubmed.ncbi.nlm.nih.gov/21613470/
https://watermark.silverchair.com/bhr018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA1EwggNNBgkqhkiG9w0BBwagggM-MIIDOgIBADCCAzMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMii-CFxPP7VFvFWhHAgEQgIIDBJhTu8BIEn9GpVjwv6fu9iKElIL5qyeMWFcFmJc-IeVjF7plFD5m_u6ABB8KbC_P7vTxl2U_Cft2cN1NDvQLHyAZI33L2gpmnLimmFkpqv4Yrs4Ib_yIJzA7YQiPXWbZhFxPYFdxT6OAhC-VeI9FQJ92CX3BqWugcJAU4cOEkVo9UY9eKvwpFw-uUk7qr16EgQ_6eQRWlvXnsUZBUIZGl-RoxNH3j_OOkhBhnX2ADlEdgssrLKoxJYo4ZhEbg70h4cNwkdbHgGC8g2Js7d3uaEaV7gbNvIjbn13kh7Lyi25T8Aiz9i0LCZNo3GodbcgBVsI4y_Ia0PYslnQEMNfB1F_OJq8C-KqX4SdGxKZsQ8zPtd9UtrGukzpTrn6FnRwSKkHNYlml3DP3N2JD7lpgZoJ1jPwQijOKCIl4lOnVbi9_Mw2eUK6X9xp7ymLA-J3exs8I46oYC3uXbEW1H2wZgsNNT2Dx-SP4NgEVLQa_rZMkDpcpNLSAWgT1TxcXNBZNw9Pmux_5CEHanvf3TvqHdKyVpAo7WHusUQ0V3IdMiW3WJxeYU_VoZxEpPfe4ZYMZeexOTbUa4cjzn3k9WNk6aMpe0UjAe8GC6kPGqK7Cr_jAHnar3aNZWoNIRNp2STIbNLUHkDoTLIWHcfCrr81KP0dERsGywzwrID_y9Uu6N5WX7uZC2EjkI5bFibhOmJHqWhmAFw-hG5943ZQgf67VYBL81RojoKynQVmvE-jAbLzG13b8G6xBxUALLsdRN1Y8W3hvLk_L9X4ccbAE19KBNUAaqYoSBvTpEovOpFN2vOoiRF9e1JATy6uUGgWQBANIzRHK0aCfR3Fk6lmeLUqHrTdmq81rXcPK9wfsgtabZCiNK0-iSLIxBJ2dfAz1BR2jbbhPor55WOE8cN0zEaNX6mQbv72eZg6hxM3p3rblDf0eiFFl51jjrtbsbzphLPoKUnCkGJYbrXnznXMiFEBhZIg1TbG-vad606Sb_EW6VqOTrc9xyQQGkPfsCXcewOLR287UR-4
https://doi.org/10.1093/cercor/bhr018
https://pubmed.ncbi.nlm.nih.gov/11162267/
https://www.sciencedirect.com/science/article/abs/pii/S1053811900906888?via%3Dihub
https://doi.org/10.1006/nimg.2000.0688
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6625506/
https://onlinelibrary.wiley.com/doi/epdf/10.1002/hbm.23994
https://onlinelibrary.wiley.com/doi/epdf/10.1002/hbm.23994
https://doi.org/10.1002%2Fhbm.23994

	_heading=h.30j0zll
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_heading=h.n1l10317lvmk
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.4d34og8
	_heading=h.2s8eyo1
	_heading=h.17dp8vu
	_heading=h.3rdcrjn
	_heading=h.26in1rg
	_heading=h.lnxbz9
	_heading=h.35nkun2
	_heading=h.1ksv4uv
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_heading=h.oj4el3smpuyc

